Abstract: Climate change challenges mountain communities to prepare themselves via Community-Based Adaptation (CBA) plans that reduce vulnerability. This paper outlines the evaluation of a developed web-based information system to support CBA, referred to as a Mountain Community Adaptive System (MCAS). The web-based user interface visualizes collated data from data providers, integrating it with near real-time climate and weather datasets. The interface provides more up-to-date information than was previously available on the environment, particularly on land and climate. MCAS, a cloud-based Land Information System (LIS), was developed using an Agile-inspired approach offering system creation based on bare minimum system requirements and iterative development. The system was tested against Fit-For-Purpose Land Administration (FFP LA) criteria to assess the effectiveness in a case from Nepal. The results illustrate that an MCAS-style system can provide useful information such as land use status, adaptation options, near real-time rainfall and temperature details, amongst others, to enable services that can enhance CBA activities. The information can facilitate improved CBA planning and implementation at the mountain community level. Despite the mentioned benefits of MCAS, ensuring system access was identified as a key limitation: smartphones and mobile technologies still remain prohibitively expensive for members of mountain communities, and underlying information communication technology (ICT) infrastructures remain under-developed in the assessed mountain communities. The results of the evaluation further suggest that the land-related aspects of climate change should be added to CBA initiatives. Similarly, existing LIS could have functionalities extended to include climate-related variables that impact on land use, tenure, and development.
Introduction
Community-Based Adaptations (CBAs) are policy driven interventions, focused on agricultural investment [1] , via community-based activities [2] . CBA faces several challenges being often project-based and small-scale in nature [3] , power relations at the community level can impede success [4] , and there can be a general "lack of support from the government" [5] . Moreover, culture can create social barriers, and the role of institutions can impede information availability [6] , and the supportive information that is required to assist the CBA is often incomplete, unavailable, or out-of-date [7, 8] . In this study, a web-based information system referred to as Mountain Community Adaptive System (MCAS) is developed to promote CBA. MCAS is intended to provide near-real-time information on temperature and rainfall, along with other localized data, provided by local communities via crowdsourcing, about land use and land holdings, including imagery that could act as an enabler and enhancer of existing CBA initiatives. Importantly, it is necessary to verify whether MCAS is capable of providing information services that support CBA. On this, growing from part 6 section 23 of the Voluntary Guidelines on the Responsible Governance of Tenure of land, fisheries and forests in the Context of national food security (VGGTs) [20] , where participation and consultation with communities and individuals are recommended for land tenure security programs, the World Bank and the International Federation of Surveyors (FIG) developed the FFP LA framework, including a set of design principles, to simplify providing tenure security, control of land use and natural resources for all, particularly in less developed countries. The FFP approach seeks to bypass establishment of costly, time-consuming and sophisticated LA systems that demand professional personnel to work. The FFP LA approach 'allows a system to be incrementally improved over time. ' [21] . This means FFP LA is a flexible and affordable approach focusing on the quality of the services to satisfy users' needs.
Analysis of the FFP approach shows that LIS underpins global issues including climate change [22] . International organizations such as FAO and UN-GGIM support LA projects that are designed closely to FFP principals since it identifies the purpose/s of a system and decides on what to include in the closely to FFP principals since it identifies the purpose/s of a system and decides on what to include in the system to improve [23] . The FFP LA frameworks-spatial, legal, and institutional-need to interact to support delivery of fundamental data for geospatial information management, protect the tenure security of local people from risks of climate change and natural disasters and manage lands in rapid urbanization and land conflicts [24] . Mitchell et al. [21] also indicate that the FFP LA concepts and tools can support the enhancement of adaptation to climate change. In this vein, the FFP LA frameworks appear to be suitable for evaluating MCAS: MCAS seeks a flexible and low-cost approach for creating and sharing the land and climate data amongst community stakeholders, one that enhances CBA-related decision making. The objectives of FFP LA and MCAS are closely aligned.
Materials and Methods
In this section the criteria for case selection and data collection processes are discussed first. The MCAS development process is then explained, as are the system architecture and evaluation criteria based on FFP LA, and subsequently the test plan.
Study Area and Its Context
Within Nepal, one of the most climate affected countries [25] Dolakha district is selected since it is ranked very low on combined/multiple adaptation capability indices, which include socioeconomic, technologic (irrigation system), and infrastructural (road and communication) adaptation capability [26] . Figure 1 presents Dolakha district, Nepal. Dolakha faces many challenges regarding CBA. In response, this study proposed the establishment of an LIS to support evidence-based design and implementation of CBA-based on relevant and highly granular spatial data and services [27] . The data requirements for the intended LIS were collected in Dolakha district. Land and climate data were necessary to populate the system. CBA data were derived from the analysis of in-depth interviews with the district key experts, an NGO, Focus Group Interview (FGI) of two communities in two Village Development Committees (VDCs, the lowest administrative unit of Nepal), individual household surveys, and the personal observations of the first author of this paper during research. Specifics on the data collection, analysis, and requirement synthesis activities are available in [27] . The process included coverage of fieldwork activities, FGI and household surveys, in-depth interviews with the district key experts, data analysis, and synthesis. Individual Land and climate data were necessary to populate the system. CBA data were derived from the analysis of in-depth interviews with the district key experts, an NGO, Focus Group Interview (FGI) of two communities in two Village Development Committees (VDCs, the lowest administrative unit of Nepal), individual household surveys, and the personal observations of the first author of this paper during research. Specifics on the data collection, analysis, and requirement synthesis activities are available in [27] . The process included coverage of fieldwork activities, FGI and household surveys, in-depth interviews with the district key experts, data analysis, and synthesis. Individual household surveys were conducted in three VDCs including Susma Chhemawati (n = 11), Bocha (n = 8) and Charikot (n = 10), coupled with FGIs with the local communities of Bocha (n = 21) and Charikot (n = 19), in-depth interviews of district offices (n = 5), an NGO, and participants at the national level (n = 5). Spatial and non-spatial data collected from the International Centre for Integrated Mountain Development (ICIMOD), the District Forest Office (DFO), the District Survey Office (DSO) and the Department of Hydrology and Meteorology (DHM) populated the LIS. These organizations are selected because ICIMOD is an active knowledge sharing center that assists mountain people to understand climate change and its impacts. DFO and DSO are involved with forest and agriculture land-based activities amongst others. DHM provides temperature and rainfall data.
Agile-Inspired Development Process
The development of any IS requires the utilization of a development methodology. Agile development is increasingly identified as a suitable method that receives interest in the process of IS development. Every iteration of Agile development includes planning, analysis, design, and testing; allowing an IS to change and develop gradually over time [28] . The literature shows the nature and use of Agile in IS development occurs in diverse fields and has theoretical linkages to socio-technical approaches [29] , teamwork models [30] , complex adaptive systems [31] , and knowledge management [32] . Since Agile development simplifies the development process [28] , an Agile-inspired approach was applied in this study for the prototype development of MCAS.
In the Agile Manifesto, the 7th principal is "Working software is the primary measure of progress" [33] . In the Agile method, the focus is not on long-term planning or documentation nor the developer or client contract [32] . The system starts working with the minimum system requirements. The developers and client/s take feedback from each other at pre-defined time intervals to sustain client/s needs with the system [34] . It is an interactive and iterative model that has been used to develop and refine MCAS. "Short time development, implementation and testing" during six months (May-October 2016) were defined because of the research time constraints. In May 2016, a core team of three consisting of a system developer (technical IS), a systems analyst (technical IS and land and climate change researcher), and a scientific project adviser (technical IS, land informatics and project advisor) started the MCAS development. The team was kept small: it was easy to communicate, and only the required people were included. The system developer was a Nepalese national with connections to the mountain communities. In addition, the system analyst spent over one month embedded with specific mountain communities in order to be sensitized with conditions, livelihoods, and environments. Although not ideal (This limitation and potential responses is covered in more depth under '5. Discussion'), both the system developer and the system analyst acted as the users of MCAS at the time of its prototype development and implementation to put the work well into the desired context.
Face-to-face communication was performed between the system developer and the system analyst every two weeks and with the team every month for six months to complete the project. This iterative communication was focused on the prototype development of MCAS, its implementation, and testing, providing technical and scientific feedback from the team members to improve MCAS. The prototype development was separated from the core users, meaning it diverged from a more purist Agile approach. An Agile-inspired approach emphasizes teamwork and user satisfaction [35] . Although incorporating users is an efficient way to capture user requirements in an Agile approach, too little contribution from an end-user is often reported as a weakness in system development [36] . Due to the limited capacity of the system analyst including time and cost, and lack of direct and indirect contact with the mountain communities, which is something that needs to be noted for any future scaling or implementation work, the team simulated receiving input from the communities: the system developer and the system analyst tried to act as much as possible as the users, based on the earlier findings regarding the requirements (see Section 3.1). Every two weeks, the testing of MCAS provided feedback from the developer and the analyst to consider required changes in MCAS-requirements including technology, types of services and system performance were considered. To grasp the needs concerning land and climate change services, the system requirements came from Section 3.1 and the system developer. Figure 2 presents the Agile-inspired approach of the MCAS prototype development and how all the tasks fit together. came from Section 3.1 and the system developer. Figure 2 presents the Agile-inspired approach of the MCAS prototype development and how all the tasks fit together.
Figure 1.
Mountain Community Adaptive System (MCAS) development process.
Information System Architecture
MCAS needed both hardware and software for data processing. The hardware for data repository and visualization needed to be able to remain consistent with both pull and push mechanisms in the system. In addition, the land and climate change data and web-services in the MCAS included raster and vector data, images, and geo-location points. The system was also considered to need to incorporate desktop PC, laptop, and smartphone compatibility. Open-source software including Quantum GIS (QGIS)-enabling the sharing, viewing, editing, and analysis of spatial data-along with Geographic JavaScript Object Notation (GeoJSON) that enabled text-based data interchange formatting to present geographic features-were coupled with Leaflet, Bootstrap, JavaScript/jQuery-to enable MCAS interoperability, credibility, and reliability. Table 2 represents the open source tools used for the development of MCAS. Ultimately, MCAS was compiled as a four-tier architecture including: (i) data tier that represented the required data; (ii) application tier consisting of process, service interface and webserver components; (iii) presentation tier enabling visualization of the data layers in terms of services; and (iv) communication tier presenting the push information from the system through 
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Information System Evaluation Criteria
IS evaluation is mostly "context and user specific" [37] . Likewise, several countries implement specific elements of FFP LA to revise their legal and institutional framework such as registration of land tenure in Rwanda, registration of communal land in Namibia and rural land registration of Ethiopia [38] . The FFP approach supports building a viable LIS and making incremental change/s in LIS based on social needs, in a short timeframe. Additionally, LA provides a platform for the development and delivery of geospatial information. Therefore, the frameworks of FFP LA have the potential to support CBA in line with the VGGTs. For this specific study, FFP LA elements including "flexible", "inclusive", "participatory", "affordable", "reliable", "attainable" and "upgradable" were used as evaluation criteria to assess MCAS (Reasons for selecting FFP LA are justified and explained in detail in Section 2 of this article). Utilizing FFP LA in the assessment of MCAS identifies if it is designed based on community needs, is accessible to mountain communities and individuals, includes all FFP LA elements, and can be incrementally improved to enhance CBA experiences. The reliability and interrelated frameworks of FFP LA are considered to coincide with the areas of constraints for change in adaptation services. The definition of FFP LA's elements as adapted in this study are presented in Table 3 . Table 3 . Adapted elements of Fit-For-Purpose Land Administration (FFP LA) to MCAS.
Elements of FFP LA Adapted to MCAS
'Flexible in capturing the spatial data. Flexible in capturing spatial and non-spatial land and climate change data.
Inclusive in scope to cover all tenure and all land.
Inclusive of all types of land tenure that are relevant to Community-Based Adaptations (CBAs).
Participatory in approach to data capture and use to ensure community support.
Participatory in sharing information about the effects of climate change on their land and livelihoods, and implementation of current CBA.
Affordable for the government to establish and operate, and for society to use.
Affordable for the community/individual to invest in relevant technology devices and supportive infrastructure to access the provided services.
Reliable in terms of information that is authoritative and up-to-date.
Reliable not only regarding cadastral data, but also for climate adaptation services. Attainable in relation to establishing the system within a short timeframe and within available resources.
Attainable to provide climate adaptation services in short time. 
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Inclusive in scope to cover all tenure and all land.
Affordable for the government to establish and operate, and for society to use.
Affordable for the community/individual to invest in relevant technology devices and supportive infrastructure to access the provided services. 
Reliable in terms of information that is authoritative and up-to-date.
Reliable not only regarding cadastral data, but also for climate adaptation services.
Attainable in relation to establishing the system within a short timeframe and within available resources.
Attainable to provide climate adaptation services in short time.
Upgradeable with regards to incremental upgrading and improvement over time in response to social and legal needs and emerging economic opportunities.' [22] .
Upgradable regarding the community/individual's needs to facilitate CBA.
The methodology followed for the evaluation of MCAS is based on a participant observation that derives qualitative data [39] . In the approach, participant observation is used across multiple phases of the research, including a prototype use test [40] . Table 3 was used to assess the results of the user's test to see whether MCAS included all the elements of FFP LA.
Test Plan
Due to time constraints and limitations in the access to mountain communities, the system developer held a workshop at Kathmandu University (KU), Dhulikhel, Nepal on 5 September 2016, to evaluate the MCAS prototype. KU supported the test with the Internet connection, space, and PCs. The participants for the user test came from within KU-which is made up of people with diverse backgrounds: gender, educational level, age, and profession were all considered in selecting the users of MCAS. The system developer invited potential users to join the user testing utilizing a word-of-mouth approach, and seeking to maximize diversity within testers. Finally, 12 participants were chosen randomly from the volunteer population-including students, farmers, a businessman, and a housewife. The farmer category included actual mountain community members, currently based in Dhulikhel and supporting campus construction work. To ensure up to 85% that the problems in a system are found, the participation of 5-8 people in the user tests is sufficient [41] . The participants' attributes are presented in Table 4 . Each user was given a computer with access to the MCAS prototype, via the Internet. The test started with an introduction to the purpose of the test and a short demo of MCAS. Then, participants were encouraged to use MCAS. The participants interacted with MCAS using prepared guidelines and carried out pre-defined tasks relating to FFP elements. For instance, the participants were asked to identify system functions, capture land information and climate change information, and identify climate adaptation services. The instructor facilitated the illiterate participants in reading the guidelines and writing down observations without any interference of the work, although, this is recognized as a limitation of both the evaluation and MCAS itself and as covered later, requires further research. Literate persons used the user guide included in the user guide that is available in the Appendix A of this research.
Qualitative data analysis was conducted to identify the user evaluation results. To facilitate data analysis, the results of the user test were coded based on the adapted elements of FFP LA (column II of Table 3 ), which involved comparing the results found with the adapted definition of each component. Coding requires reviewing the output of the user test so that the data can be continuously compared and conceptualized [39] . The coding process in this study created categories of the elements of FFP LA, which enhanced the formulation of the results. After that, all the coded user tests were merged to manage the categories with ease, and to maintain consistency in code handling. The codes were shown in a single environment, to allow exploring the data as a whole.
User Evaluation Results
The results of the analysis of the user test are presented as follows:
Flexible
The users selected a specific layer and extracted information from its sub-layers. Turning on the sub-layers, land and climate data were presented on the base map. The participants could make queries by clicking on the map. A pop-up window showed information about the clicked point on the base map (Figure 4) . When the participants selected a meteorological station, a ten year (2000-2010) rainfall and temperature graph appeared in MCAS ( Figure 5 ). Land layers were interactive. The participants could combine different land layers and make queries about their desired location/s, zoom in/out, and apply pan functions to explore MCAS from parcel to Village Development Committee (VDC) to district levels. The advantage of combining land layers in an interactive environment and getting query compared to a static map was having an overview of the whole area to identify the information one needs. Moreover, the pop-up window of the spatial query contained detailed information of each location in a map layer. 
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Inclusive
The adapted definition of Inclusive for MCAS indicated 'including all types of land tenure that are relevant to CBA.' Analysis of the user evaluation results did not reveal any code specifically related to inclusiveness. Furthermore, there was no evidence of types of land tenure in the system ( Figure 6 ). The populated parcel maps in MCAS were collected from the DSO of Dolakha. "The cadastral based-map is sometimes incomplete" due to the technical problem including vectorization [42] but the data may include "size, value and legal rights" related to the parcel [43] . However, there may be other reasons including privacy to protect land information, and particularly tenure rights that remained uncovered. It was beyond this study to check this further and subsequently requires further research. The intention was to explore whether any land tenure was included as an attribute of a parcel that was relevant to CBA, for instance: tenancy. Therefore, based on the results of the user test the system is not yet considered to be inclusive. However, it is inclusive regarding the ability to provide a cross-cutting suit of datasets relevant to CBA, even if all tenures are not provided. 
Participatory
Two of the participants could fill in the observation form that was designed for the communities/individuals to share their experience about the impacts of climate change, time and the location of climate change events and their needs. The climate-adaptation layer created the opportunity for mountain communities/individuals to share a CBA option with an image as a "bottom-up" approach to support "crowdsourcing". The system developer had already populated the climate-adaptation layer with some photos of adaptation options for the purposes of testing. Figure 7 represents the climate-adaptation layer. The climate-adaptation layer supports community/individual to be visible. The shared photos of climate-adaptation experiences provide information about the available resources and how to conduct a CBA to other communities/individuals. Based on the results, it is concluded that the system exhibits an ability to support "participation", however, ideally the evaluation would be extended to include a field-based test enabling contribution of data by real community members. This represents an area for further inquiry. 
Two of the participants could fill in the observation form that was designed for the communities/individuals to share their experience about the impacts of climate change, time and the location of climate change events and their needs. The climate-adaptation layer created the opportunity for mountain communities/individuals to share a CBA option with an image as a "bottom-up" approach to support "crowdsourcing". The system developer had already populated the climate-adaptation layer with some photos of adaptation options for the purposes of testing. Figure 7 represents the climate-adaptation layer. The climate-adaptation layer supports community/individual to be visible. The shared photos of climate-adaptation experiences provide information about the available resources and how to conduct a CBA to other communities/individuals. Based on the results, it is concluded that the system exhibits an ability to support "participation", however, ideally the evaluation would be extended to include a field-based test enabling contribution of data by real community members. This represents an area for further inquiry. Gabion is an iron-made basket that is filled with sand and soil to protect and to stabilize slopes from erosion [44] . Bocha communities installed gabion walls as a climate adaptation option to protect roads and buildings from landslides. A user takes advantage by seeing CBAs in other places. This layer can provide information about who is doing what regarding CBA, where, and how, it can be combined with other land layers. Furthermore, a user can compare different CBAs to see if any of them align with the available resources or skills in the current location. The layer was already populated with some adaptation option photos for the user test, and enabled a user to upload and share their CBA options in MCAS. The climate-adaptation layer overall facilitates the implementation of an adaptation option in other locations and hence is concluded to be participatory.
Affordable
MCAS is developed as a research prototype using open-source software and with minimum available resources of system requirements and experts. All of the participants had free access to the data of meteorological stations, ten year rainfall, and temperature graph and layers in MCAS. The users needed a smartphone/laptop to retrieve information from MCAS. The MoLR as a governmental body has already established a LIS and has the capacity of incorporating different data and information from other organizations or agencies including DHM. Technical experts from diverse backgrounds are available for further development and operation of an LIS such as MCAS. However, since open data was used for MCAS prototyping, the feasibility of existing open data in scaling or implementation of the system should be considered. Besides, assuming that all users in remote areas have devices available to access MCAS, the cost of providing internet infrastructure across the country is high and this is a broader contextual limitation of the system. From all the points raised, MCAS can be considered somewhat affordable in the short term, and potentially affordable in the medium to long-term.
Reliable
An LIS is reliable when it represents its data through the spatial framework of FFP LA that requires the four principals of (1) having visible boundary; (2) using satellite images; (3) being accurate in the way of fulfilling the purpose of the system and (4) authorizing update and improvement of an LIS [24] . MCAS provides reliable land and climate information by following these principals. MCAS used Open Street Map as a base map that enabled embedding data layers in the system. Open Street Map is using satellite navigation system in providing geospatial data [45] . Gabion is an iron-made basket that is filled with sand and soil to protect and to stabilize slopes from erosion [44] . Bocha communities installed gabion walls as a climate adaptation option to protect roads and buildings from landslides. A user takes advantage by seeing CBAs in other places. This layer can provide information about who is doing what regarding CBA, where, and how, it can be combined with other land layers. Furthermore, a user can compare different CBAs to see if any of them align with the available resources or skills in the current location. The layer was already populated with some adaptation option photos for the user test, and enabled a user to upload and share their CBA options in MCAS. The climate-adaptation layer overall facilitates the implementation of an adaptation option in other locations and hence is concluded to be participatory.
Affordable
Reliable
An LIS is reliable when it represents its data through the spatial framework of FFP LA that requires the four principals of (1) having visible boundary; (2) using satellite images; (3) being accurate in the way of fulfilling the purpose of the system and (4) authorizing update and improvement of an LIS [24] . MCAS provides reliable land and climate information by following these principals. MCAS used Open Street Map as a base map that enabled embedding data layers in the system. Open Street Map is using satellite navigation system in providing geospatial data [45] . Furthermore, data layers visualized general boundaries of the study area and this qualifies for most LIS purposes, particularly in rural areas [22] . The displayed land and climate data in MCAS were accurate enough to fulfill the need of the users in identifying spatial objects, including land parcels and non-spatial objects such as rainfall and temperature graphs. MCAS could record changes of adaptation options through the sharing of images that update MCAS and provide incremental improvement in adaptation activities. According to all the aforementioned points MCAS can be considered to exhibit an inherent level of reliability.
Attainable
A mixture of an Agile-inspired approach and open-source software were put to use in MCAS development. A system runs with the minimum requirements in an Agile approach. Open-source software is usually available for IS development at limited or less time and cost. The implementation of Geo-ICT projects necessitates Internet access and installing its infrastructure. Also, Nepal mountain communities/individuals require PCs, laptops, or smartphones to access climate adaptation services as Geo-ICT services. In the absence of Internet service providers in Nepal's rural areas, with existing telecenters only concentrated in places with high population-mostly in Katmandu [46] MCAS is currently not attainable in the study area. However, if a telecenter was to be set up in the study area-as would be expected in the medium term-MCAS could be considered attainable.
Upgradeable
MCAS was developed based on an Agile-inspired approach. This approach uses incremental development, based on the users' feedback to improve the system. The component based nature of the design of any IS creates the possibility of utilizing plug-ins and tools as needed. For instance, adding a specific feature and customization to make IS more versatile. The climate-adaptation layer has the potential to assist the government in developing its climate change policies, both the Local Adaptation Plans for Action (LAPA) and National Adaptation Program of Action (NAPA), since it presents facts and evidence of a CBA. MCAS as a communication channel connects communities/individuals and the government to experience climate adaptation services. Overall MCAS is considered to exhibit levels of upgradability.
In summary, some of the FFP LA elements have not been fully satisfied in this study, but they have the potential to be achieved with further research and development.
Discussion
The development and evaluation results revealed much about current CBA implementation, the potential utility of MCAS, drawbacks and challenges for its actual implementation and scalability. This section focuses on three critical areas deemed the most important learnings from the study.
Lessons from the Design Process
Initially, the Agile-inspired approach was not considered for the work, however, its adoption is considered to have enhanced the final outcomes. The nature of the project appears to have fit well with the Agile philosophy: a minimum set of requirements, established from the analysis of FGI and the household survey among individuals, coupled with an experimental mindset meant the first iteration of the system was available within two weeks, and iterations thereof became available at a repeating two week increment. During the ongoing system development, a core team consisting of a IS technical developer, a land and climate change researcher, and a project advisor tested and simulated MCAS repeatedly. This enabled rapid and incremental improvements.
However, a key concern was that the feedback was simulated from the project team. That is, it was not possible to incorporate the feedback from the actual users during system development. The team members were not working directly at the test location due to their workload, schedule overlaps, and the time and cost involved with traveling to reach mountain communities and there was no direct or indirect contact with them. The distance between the development location and the actual test location and the lack of any ability to co-develop MCAS was a major drawback, although perhaps to be expected in this small-scale testbed environment. At any rate, any efforts to replicate or scale the design process used here would need to take this issue into account.
Also, on the design process, the use of online open data and open-source software was thought to have accelerated the development. Extensive coding and programming were not needed, and neither was going through the bureaucracy of collecting data from multiple organizations. For instance, rainfall and temperature data were collected from the DHM website, and Open Street Map was used as the base map. A base map is a crucial component-no LIS such as MCAS can function without it.
Another issue emerging during the development process related to the challenges of working in multi-disciplinary and multi-cultural research environments. As a base level differences in language and culture continually impacted upon decision making. Moreover, during the trials of MCAS, the priorities of each user were different based on their backgrounds and their objectives. The difference between scientific language among disciplines (e.g., IS vs. LA vs. climate change experts) in the development team is thought to have also delayed several advancements in the software. The costs and challenges of miscommunication and the translation efforts in working in this multi-national and multi-disciplinary context (e.g., translating CAPs language into IS requirements and Geo-ICT demands) were neither factored not costed in during the design process, but, need to be highlighter as a major challenge for future work.
Finally, whilst the Agile approach seeks to enable adding new features and functionality, the actual implementation of these changes was considered highly challenging. Adding new features to make the system flexible, and adding data layers or making spatial queries accessible were challenging aspects to incorporate. It is important to consider who would deliver these updates in a practical setting. Most likely there is a need for external support outside communities and government to do such maintenance, and this potentially undermines the community-orientation of the tool.
Remaining Challenges for the Tool
First, regarding content, the most requested layers and information included land-related layers, adaptation options, the location of meteorology stations and the rainfall and temperature graphs. As explained, these were certainly incorporated into MCAS, however, it is believed MCAS could be further developed to incorporate other datasets based on the feedback from the test users. However, this should be considered no small challenge: data acquisition and entry was more challenging than initially expected. Some of the collected data from different organizations, excluding open data, were defined in different coordinate systems, and needed transformation to be displayed correctly in the system. It was a challenging task to identify the proper coordinate system and to avoid parallax problems. Despite advances in automation and simplification of software tools, understanding and resolving this still demands a relatively high level of training and digital acumen. Further simplifying the process for adding new layers should be a future focus.
In terms of usability functionality, users tended to interact easily, if not seamlessly, with combined layers, a major challenge was loading the near-real time online climate data: processing and distributing the weather data points every second is only possible with a high-speed connection and most likely not realistic in the case location at the current time [47] . Additionally, the loaded near-online climate data layer covered the base map entirely, and since the layer was not visually transparent, the underlying layers became invisible: this was considered a major usability flaw, but one that could be easily overcome with further development. Another identified issue was that users could not retrieve the exact value of the rainfall or the temperature from either the static graph or the near-online climate data due to the nature of the data being vector and raster respectively. Solving this would need specific knowledge of coding or specialized software and tools [48, 49] . Furthermore, the use of the English language embedded into MCAS, was recognized as a barrier of both the development and evaluation of system itself. Language is an issue that demands further thought and research with regards to MCAS. Whilst digital translation tools have rapidly matured and are more readily available for implementation in such web service oriented systems, the issue of dealing with mountain community members who are not proficient in English certainly demands more consideration. Overall, the prototype emphasis on a single language limited the use and users of MCAS, by excluding the users who are not proficient in English. Overall, the prototype emphasis on single language limited the use and users of MCAS, by excluding the users who are not proficient in English.
In terms of functionality, and specifically crowdsourcing interactions, the climate-adaptation layer was already populated with photos for system simulation as preparation for the actual user test. Therefore, the idea of the community uploading CBA photo was not really explored and implemented in a satisfactory manner and demands the contribution of data by real community members (Figure 7 -Climate adaptation layer). In addition, MCAS was mainly tested on a desktop, and it is not clear whether some of the system functionalities including zoom in/out, pan and visualization of layers would work properly on a mobile device/smaller screen.
On affordability, developing MCAS was affordable as only a team of three experts was involved for two weeks to get the initial IS working. Simple functionalities were available early on in MCAS because it was designed and developed in the context of running an existing LIS. It was an ideal approach to facilitate and demonstrate proof of concept. The visual proof of concept represented the capability of the system. For instance, the climate-adaptation option layer provided specific information about CBA, the land-use category illustrated land information and the static climate graphs supplied information about rainfall and temperature. An Application Programing Interface (API) removed the challenges of translating the near-online temperature and rainfall data and embedding Open Street Map in MCAS. However, as already noted, to ensure that the design approach and developed system are scalable requires further investigation.
Institutional Opportunities and Challenges
Considering MCAS more broadly, in terms of institutional and policy implications, it is worth recalling that CBA is being integrated into National Adaptation Plans (NAPs) and sectoral policies, budgets, and planning frameworks to enhance community adaptive capacity [50] : tracking CBA is increasingly essential for identifying whether adaptation actions are achieving the desired results and whether to continue adaptation implementation. An LIS like MCAS can share local contributions with the national level regarding the goals defined by NAPs, NAPAs, and LAPAs in adaptation. The climate adaptation experiences shared via MCAS at the local level could aid tracking and measurement of adaptation activities. It could facilitate policy-makers in choosing adaptation policies and strategies, in addition to helping the national level in management and financial support of adaptation actions and reinforcing communities in learning about the implementation of various adaptation options.
Maintaining LIS components and contents was considered one of the major challenges with regards to technical infrastructure in developing countries [51] . Formulation and implementation of LIS is often challenged due to political instability and motivation, capacity, financial resources, and data availability [52] . Capacity constraints related to the development of IT experts and equipment, Geo-ICT infrastructure, update and system maintenance should also be considered in the implementation of any LIS including MCAS. Each CBA is conducted by an individual or a community in a specific place, and thus the particular parcel may be transacted or inherited to other person/s. It is complicated to identify when and how that happened and whether the new owner would like to continue conducting that particular CBA.
Evaluation results of MCAS show that mountain communities/individuals could get more from a LIS generally: a type of service that benefits both mountain communities/individuals and the government, rather than climate information services alone. Indeed, it can be considered a disappointment that the communities for which MCAS is intended do not have readily available access to land tenure security, let alone land tenure data, and even more so relevant climate change information. This is where demonstrators like MCAS provide opportunity: as a driver for climate change adaptation and as a supportive tool for enhancing land tenure security.
Conclusions
This paper assumes that MCAS as a LIS is a comprehensive way to provide information for CBA in rural mountain areas. An Agile-inspired approach was used to develop MCAS. The developed web-based LIS demonstrated the ability to integrate a variety of spatial and non-spatial information including land and climate change variables. User testing was firstly conducted by the development team and later with the actual users because of time limitation, budget, and resources. The FFP LA approach was used to evaluate MCAS. The result of the user test revealed the importance of MCAS in supporting climate adaptation services. It indicated that MCAS could provide land and climate change information together with various experiences of CBAs. The spatial side of LIS allowed users to explore their location in the context of land use, infrastructure, and available resources that can enhance CBA activities. Climate change data demonstrated changes in climate variables. The evaluation identified the potential ability of MCAS to be fit-for-purpose with respect to the climate change adaptation needs within a community. This new service has the potential to provide an incentive for communities/individuals that are at the frontier in implementing CBA. The limitations related to the implementation of the new services were identified particularly the lack of Geo-ICT infrastructure in the case area. Regardless of the aforementioned limitations, MCAS can still be considered as a factor in supporting development in rural mountain communities/individuals. It is further suggested that the land aspects of climate change should be added more explicitly to CBA initiatives. information. This is where demonstrators like MCAS provide opportunity: as a driver for climate change adaptation and as a supportive tool for enhancing land tenure security.
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